The protein synthesis inhibitor previously demonstrated to be associated with vaccinia cores was quantitatively solubilized from vaccinia virions or cores after an endogenous protein kinase reaction at pH 10. The presence of the inhibitor in the soluble extract correlated with the presence of soluble virion proteins phosphorylated in vitro. Partially purified inhibitor blocked methionyl-tRNAfet_ 40S initiation complex formation, as was the case in cell-free extracts derived from vaccinia virus-infected cells.
Infection of animal cells by vaccinia virus results in the rapid and efficient inhibition of host protein synthesis (for reviews, see references 1 and 8). A similar inhibition occurs in the presence of actinomycin D (7, 16) , cycloheximide (9) , or cordycepin (5, 11) , suggesting that an inhibitory factor is associated with vaccinia virions. Purified vaccinia cores inhibit initiation of protein synthesis in vitro in a reticulocyte lysate (3) , and an inhibition at the level of initiation of protein synthesis in vitro has been demonstrated in lysates derived from vaccinia virus-infected cells exposed to cordycepin (12) . Using cytoplasmic extracts from vaccinia virusinfected cells exposed to cordycepin or reticulocyte lysates preincubated with vaccinia cores, we have previously shown that this inhibition in translation occurs at the binding of methionyltRNA$fCt to 40S ribosomal subunits (13) . We have also demonstrated that a vaccinia virion protein (VPllb) phosphorylated in vivo is associated with the ribosomes and that, after the endogenous protein kinase reaction in vitro (4, 10, 14) with purified vaccinia virions, several proteins, including VPllb, are phosphorylated and released from vaccinia virions (15) . In this paper, we show that the inhibitor of protein synthesis associated with vaccinia virus is solubilized from the cores and the virions in the course of the endogenous protein kinase reaction.
Protein synthesis inhibitor was solubilized by treatment of purified vaccinia virions or cores with a nonionic detergent and by phosphorylation at alkaline pH. Purified vaccinia virions (25 A260 [absorbance at 260 nm] units per ml) were suspended in a solution containing 80 mM Trischloride (pH 10), 0.05% Nonidet P-40 detergent, 5 mM dithiothreitol, 0.5 mM ATP, 8 mM potassium-phosphoenolpyruvate, 100 ,ug of phosphoenolpruvate kinase per ml, and 1 mM magnesium acetate. After incubation at 37°C for 30 min, the mixture was centrifuged at 12,000 x g for 15 min to remove virus particles. The supernatant was then dialyzed against 50 mM Trishydrochloride (pH 7.5)-100 mM potassium acetate for 20 h. This soluble fraction, which contained about 30% of the virion proteins (ca. 400 ,ug/ml), was then assayed for protein synthesis inhibition in a reticulocyte lysate. Inhibition of protein synthesis depended on the amount of added soluble fraction (Fig. 1) . A 50% inhibition occurred at about 100 p.g of soluble protein per ml, equivalent to 5 A260 units of purified cores per ml. Since this latter value corresponded to that previously obtained for purified cores (3), it was concluded that this solubilization procedure allowed a total quantitative recovery of the inhibitor associated with vaccinia virions. As expected, a protein synthesis inhibitor was also solubilized in similar amounts when purified vaccinia cores prepared as previously described (3) were used in place of vaccinia virions. The omission of ATP from the reaction mixture reduced fourfold the yield of soluble inhibitory activity. A protein kinase activity, as measured with histone as a substrate (10) , was present in vaccinia virions but not in the soluble extract (data not shown). This suggests that the phosphorylation of some structural virion protein(s) is required to obtain inhibitory activity in the soluble fraction. The low level of inhibition in the fraction solubilized in the absence of ATP may arise from a low amount of phosphoprotein VPllb, which is known to be already phosphorylated in purified virions (14, 15) and remains predominantly associated with viral cores (14) . Indeed, we have previously shown that VPlla, lysate. Purified vaccinia virus and the rabbit reticulocyte lysate system were used as described previously (3) . Solubilization from purified vaccinia virus in the presence of ATP was performed as described in the text. The lysate was preincubated (10 min) with the soluble fraction, and protein synthesis (50-pl reaction mixture) was measured as described previously (3). Symbols: 0, control; 0, 5 ,ul of soluble fraction added;
A, 10 p1 of soluble fraction added; U, 20 R1 of soluble fraction added. Protein concentration of the soluble fraction was 400 pg/ml. VPllb, and VPllc are the main proteins phosphorylated in vitro after the endogenous protein kinase reaction is done at three pH values (7.5, 8.7 , and 10) with vaccinia virions (15) . Since inhibition of protein synthesis is associated with vaccinia cores (3), we also used purified vaccinia cores (instead of virions) for phosphorylation in vitro at pH values of 7.5, 8.7, and 10 and analyzed the 32P-labeled phosphoproteins by polyacrylamide gel electrophoresis. As with vaccinia virions, the major proteins phosphorylated in vitro with purified vaccinia cores were VPlla, VPllb, and VPllc (Fig. 2) . Although these phosphoproteins remained associated with the cores at pH values of 7.5 and 8.7, most of VPllc and part of VPlla and VPllb were released at pH 10. In fact, this pattern of viral proteins phosphorylated in vitro from the cores was very similar to that previously observed for vaccinia virions (15) . Moreover, when soluble fractions from vaccinia virions were obtained at pH 10 or 7.5, the inhibition of protein synthesis in the reticulocyte lysate was much more efficient with the soluble fraction prepared at pH 10 (Table 1) (7.5, 8.7 , and 10) with 5 mM magnesium acetate-S mM dithiothreitol-0.5 mM ATP-10 pCi of [y-32P]ATP (specific activity, 3,000 Ci/mmol)-50 mM Tris at the indicated pH in a total volume of 50 p.1. After incubation for 30 min at 37°C, samples were centrifuged at 10,000 x g for 10 min. The three pellets were washed with corresponding buffers. Then the supernatant (S) and pellet (P) were brought to final volumes of 60 pul by addition of a solution containing 8 mM pyrophosphate and Laemmli sample buffer (6). After being boiled for 3 min, the fractions were analyzed by electrophoresis on 15% polyacrylamide gels as described previously (6 Indeed, when the inhibitor was partially purified as described below, no loss of inhibitory activity was observed after treatment with nuclease. Upon column chromatography on a Sephadex C-25 cation exchanger in the presence of 6 M urea, the inhibitor was retained and step eluted at 0.3 M salt. Subsequently, it was recovered in the flow through after chromatography on a Sephadex A-25 anion exchanger (also in the presence of urea), yielding a partially purified inhibitor (about 35-fold purified; Table 2 ). Moreover, by gel filtration of the crude soluble extract on Sephacryl S200, the inhibitory activity was eluted in the range of 9 to 15 kilodaltons (data not shown). These properties revealed that the soluble inhibitor was clearly unrelated to a low-molecular-weight RNA which has been indirectly proposed as a mediator for the shutoff of protein synthesis by vaccinia virus (2) . These results are in agreement with the hypothesis that the inhibitor is a basic phosphoprotein.
Since vaccinia cores were found to inhibit the binding of methionyl-tRNAfPet to reticulocyte 40S ribosomal subunits (13) (11) . This work will allow us to purify this inhibitor and study the molecular mechanism of its action.
